The developmental potential of bovine fetal fibroblasts was evaluated using nuclear transfer. Fibroblasts from a 37-day-old fetus were fused to enucleated oocytes before activation. Nuclei of starved (cultured for 8 days in medium containing 0.5% serum) fibroblasts supported the development of reconstructed embryos to the blastocyst stage significantly better than those of non-starved fibroblasts (39% versus 20%; P < 0.05).
Introduction
Nuclear transfer using embryonic cells as donors of genetic material is an important method both for producing cloned animals and for research purposes. However, this approach has little value for the introduction of new genes or genetic modifications. The ability to produce cloned offspring by nuclear transfer from a cell population that can be maintained in culture or under other appropriate conditions offers numerous advantages in the fields of research, agriculture and biotechnology. An (Vignon et ah, 1998) . From the latter study, the birth of a live calf has been announced (see Butler, 1998) . However, live calves have also been born after nuclear transfer using non-starved fetal fibroblasts (Cibelli et ah, 1998) .
Since the studies mentioned above used only cells either with or without serum starvation, the aim of the present study was to evaluate the effect of serum starvation on the efficiency of nuclear transfer using bovine fetal fibroblasts. In addition, some of these nuclear transfer embryos were used for re-cloning to study the consequences of a second round of nuclear reprogramming on embryonic development.
Materials and Methods

Karyoplasts
Fetal fibroblasts were obtained from a 2.0 cm bovine fetus (37-day-old) of a 5-year-old German Simmental cow. The sex of the fetus was male as determined by PCR (Carvalho et ah, 1996 (Campbell et ah, 1996a (40) •Percentages were calculated on the basis of the number of fused embryos. and embryonic cell-derived blastocysts, respectively) and total cells (132.3 ± 31.7 and 152.9 ± 37.5 in fibroblast-derived and embryonic cell-derived blastocysts, respectively).
Re-cloning offibroblast-derived nuclear transfer embryos When nuclear transfer morulae derived from starved or non-starved fibroblasts were used for re-cloning (Table 3) , the rates of fusion, cleavage, and development to blastocysts and hatched blastocysts were not affected by the source of donor nuclei. The proportions of blastocysts obtained with embryonic nuclei from fibroblast-derived nuclear transfer morulae were significantly higher than those obtained with the fibroblast cell nuclei used in the first round of nuclear transfer ( Fig. 1 CCI324  CCII324  RM324  CCI325  RM325   TGLA571  TGLA572  TGLA73 1  TGLA732  MGTG4B1  MGTG4B2  AGLA2931  AGLA293 2  TGLA481  TGLA482  TGLA1221  TGLA122 2  TGLA263 1  TGLA2632  TGLA531  TGLA53 2  TGLA1261  TGLA1262 93. ah, 1997) or in the Gl phase (Collas et ah, 1992a; Cheong et ah, 1993) of the cell cycle, nuclear transfer is most efficient with non-activated cytoplasts. However, transfer of nuclei in S or G2 phase to non-activated cytoplasts with high concentrations of maturation promoting factor leads to nuclear envelope breakdown (NEBD) and premature chromatin condensation (PCC), resulting in damaged chromatin or tetraploidy, respectively (Campbell et ah, 1996b) . In contrast to embryonic cells which are mainly in S phase (Barnes et ah, 1993) , fetal fibroblasts were most efficient in combination with non-activated cytoplasts (Wells et ah, 1998) . However, with pre-activated cytoplasts, nuclear transfer using fibroblasts or fibroblast-like muscle and skin cells was relatively inefficient (7-10% development to blastocysts; Vignon et ah, 1998).
It has been suggested that NEBD and PCC are essential for the reprogramming of gene expression (Collas et ah, 1992b) and are important processes for the development of nuclear transfer embryos to term (Cheong et ah, 1994) , and it has been argued that prolongation of the period of exposure of the donor nucleus after loss of its nuclear envelope to cytoplasmic factors enhances the developmental potential of the reconstructed embryo (Szöllosi et ah, 1988 Campbell, 1998) .
In addition to effects of serum starvation the efficiency of re-cloning of fetal fibroblast-derived nuclear transfer morulae was evaluated. When embryonic cells were used as initial nuclear donors, live calves were obtained from third generation nuclear transfer embryos (Stice and Keefer, 1993; Takano et ah, 1997) . A study by Ectors et ah (1995) did not reveal differences in developmental potential between first and second generation clones, while Lewis et ah (1998) reported increased developmental rates after the third round of nuclear transfer. In amphibians, development has been enhanced by the transfer of donor nuclei into oocytes followed by re-cloning (Orr et ah, 1986) . Differentiated nuclei developed to advanced tadpoles when the nuclei were transferred back into enucleated eggs after the initial transfer into the oocytes; nuclei that were not transferred back to the egg had lower developmental potential. These findings and the results of the present study suggest that an additional round of nuclear transfer exposes the donor nucleus more extensively to conditioning factors in oocyte cytoplasm, increasing the developmental potential of second generation nuclear transfer embryos.
Studies on bovine nuclear transfer using blastomeres as donor nuclei have shown a high incidence of pregnancy loss and placental abnormalities. The greatest number of established pregnancies was lost between day 30 and day 90 of gestation (Willadsen et ah, 1991) . In the present study, from eight established pregnancies, only one was lost by abortion before day 90. However, developmental abnormalities including fetal oversize and hydroallantois occurred around or after mid-gestation. Further studies are necessary to unravel the potential causes of these abnormalities which may be due to experimental manipulations of the early embryonic stages.
In conclusion, the present study demonstrates a positive effect of serum starvation on the efficiency of nuclear transfer using bovine fetal fibroblasts. The efficiency of nuclear transfer may be further increased by re-cloning.
